Abstract: Nanotechnology refers to research and technology development at the atomic, molecular, and macromolecular scale, leading to the controlled manipulation and study of structures and devices with length scales in the 1-100 nanometers range. Objects at this scale, such as "nanoparticles," take on novel properties and functions that differ markedly from those seen in the bulk scale. The small size, surface tailor ability, improved solubility, and multifunctional of nanoparticles open many new research avenues for biologists. Nanoparticles are classified into inorganic nanoparticles such as gold nanoparticles and organic nanoparticles such as carbon nanotubes and dendrimers. Different types of nanoparticals such as nanocrystals, liposomes, polymeric nanoparticles, dendrimers, quantum dots and superparamagnetic nanoparticles illustrated different examples of promising nanoparticles for cancer treatment and imaging.
Introduction
 Nanotechnology literally means any technology on a nanoscale that has applications in the real world. Nanotechnology deals with the physical, chemical, and biological systems at dimensions ranging from single atoms or molecules to submicron and the integration of the nanoparticles into larger systems. Nanotechnology constitutes one of the most important factors that affect our social economy in the last century, comparable to that of semiconductor technology, information technology, or cellular and molecular biology. Science and technology research in nanotechnology promises breakthroughs in areas such as materials and manufacturing, nanoelectronics, medicine and healthcare, energy, biotechnology, information technology, and national security. It is widely felt that nanotechnology will be the next Industrial Revolution [1] .
The discovery of novel materials, processes, and phenomena at the nanoscale and the development of new experimental and theoretical techniques for research provide fresh opportunities for the Corresponding author: Somaia Said Abd El-Karim, associate professor, research field: medicinal chemistry. E-mail address: somaia_elkarim@hotmail.com. development of innovative nanosystems and nanostructured materials. The properties of materials at the nanoscale can be very different from those at a larger scale. When the dimension of a material is reduced from a large size, the properties remain the same at first, and then small changes occur, until finally when the size drops below 100 nm, dramatic changes in properties can occur. If only one length of a three-dimensional nanostructure is of nanodimension, the structure is referred to as a quantum well; if two sides are of nanometer length, the structure is referred to as a quantum wire. A quantum dot has all three dimensions in the nano range. The term quantum is associated with these three types of nanostructures because the changes in properties arise from the quantum-mechanical nature of physics in the domain of the ultrasmall. Materials can be nanostructured for new properties and novel performance. This field is opening new avenues in science and technology [1] .
Nanotechnology in Cancer Treatment

Cancer
Cancer is one of the major causes of mortality in the United States, and the worldwide incidence of cancer D DAVID PUBLISHING Nanotechnology in Cancer Diagnosis and Treatment 300 continues to increase. The common strategy of cancer treatments is restricted to surgical resection of the tumor followed by either chemotherapy or radiation or combination of both of them. Frequent challenges encountered by current cancer therapies include nonspecific systemic distribution of antitumor agents, inadequate drug concentrations reaching the tumor, and the limited ability to monitor therapeutic responses. Poor drug delivery to the target site leads to various and significant complications, such as multidrug resistance [2] .
Greater targeting selectivity and better delivery efficiency are the two major goals in the development of therapeutic agents or imaging contrast formulations. Ideally, a therapeutic drug would be selectively enriched in the tumor lesions with minimal damage to normal tissues. A rational approach to achieve these goals is to conjugate therapeutic drugs with mAbs (monoclonal antibodies) or other ligands that selectively bind to antigens or receptors that are usually abundantly or uniquely expressed on the tumor cell surface.
Recent developments in nanotechnology have provided researchers with new tools for cancer imaging and treatment. This technology has enabled the development of nanoscale devices that can be conjugated with several functional molecules simultaneously, including tumor-specific ligands, antibodies, anticancer drugs, and imaging probes. Since these nanodevices are 100 to 1,000-fold smaller than cancer cells, they can be easily transferred through leaky blood vessels and interact with targeted tumor-specific proteins both on the surface of and inside cancer cells. Therefore, their applications as cancer cell-specific delivery vehicles will be a significant addition to the currently available armory for cancer therapeutics and imaging [3] [4] [5] .
By applying a vast and diverse array of nanoparticles, whose design derives from the engineering, chemistry, and medicine fields, to molecular imaging and targeted therapy, cancer nanotechnology promises solutions to several of the current obstacles facing cancer therapies [6] [7] [8] [9] [10] [11] [12] [13] .
Drug Delivery with Nanoparticles
Various drug delivery and drug targeting systems are currently applied or under development. Drug carriers include synthetic polymers, microcapsules, liposomes, dendrimers and many others and have one thing in common, namely the increased drug bio-availability and increased accumulation at the pathological site. This is especially important for the anticancer drugs, which should preferably be delivered locally with minimal or no effect onto the normal tissue. Drug containing nanoparticles can be made slowly biodegradable, thus delivering their pay-load at a controlled rate. Furthermore, nano-carriers are ideal entities to deliver poorly water-soluble agents at the desired site [14] . These factors may contribute considerably to the drug performance and clinical acceptance.
Passive Targeting by Nanoparticles
In order to acquire an efficacious therapeutic level of pharmaceuticals at a pathological site, nanoparticles should move from the circulation to the lesion. A prerequisite for this process is that the blood carrier stays in the blood long enough to slowly accumulate in the tissue of interest with affected and leaky vasculature. In cancer, this process of passive targeting takes place in a non-specific way through gaps into the tumor interstitial space. These gaps between the adjacent endothelial cells with a diameter up till 800 nm exist in neoangiogenic blood vessels which serve to supply the tumor with nutrients. Nanoparticles, carrying encapsulated drugs, extravasate into the tumor interstitial space and passively target the tumor tissue. Once the drug is locally released the local concentration becomes many times larger than after conventional systemic intravenous administration. The altered lymphatic drainage of the tumor contributes to this effect [15] . This type of passive targeting is known as "EPR" (enhanced permeation and retention) [16, 17] (Fig. 1) .
This type of passive targeting has been used in the radiotherapeutic treatment of liver cancer. O'Neal et al. reported that nanoshells with diameters of 130 nm passed preferentially through the walls of vessels and were deposited in the surrounding tumorous tissue, where they are concentrated [18] . This phenomenon, termed extravasation, provides another passive method to concentrate the particles of up to 300 nm diameters in some tumors or inflamed tissues [19] .
2.2.2 Active Targeting of Nanoparticles Larger tumors show poor vascularization, especially inside the necrotic areas, which prevents the localization of the nanoparticles and makes local drug deposition impossible. Because of these limitations the next generation of nanoparticle delivery systems, smart nanocarriers, is being developed.
Active targeting employs specific modification of drug/drug carrier nanosystems with active agents having selective affinity for recognizing and interacting with a specific cell, tissue or organ in the body. Coupling of drug carrier nanosystems to ligands allows import of thousands of drug molecules by means of receptor targeted ligands. A more sophisticated approach is to modify the surface of the nanoparticle by the addition of an antibody or ligand with affinity for the desired target. The probability of an interaction between nanoparticles and the immune system can be substantially reduced by using so-called stealth technologies. These involve coating the nanoparticle with a self-assembled layer of a thiolated PEG (poly-ethyleneglycol) [20, 21] or liposome, rendering the surfaces of these particles inert with respect to protein absorption. Paradoxically, if a particle is so well coated that it becomes invisible to the immune system, it will also probably lose its ability to bind to specific receptors.
An example is the nanoparticle that targets the folic acid receptor which is over-expressed in various human carcinomas [22] . The nanoparticle conjugated with folic acid as a receptor seeker and containing methotrexate as a chemotherapeutic agent has been demonstrated to enter the cancer cell and inhibit its growth [23] . A widely investigated modality for the recognition of cancer cells is the use of monoclonal antibodies. The recognition of cell surface antigens has been successful in various instances, especially in non-solid tumors [24] .
Nanoparticles Architecture
2.3.1 Nanocrystals Nanocrystals consist of aggregates of around hundreds of drug molecules combined in a single crystal with a thin coating as a surfactant [26, 27] . Nanocrystals are advantageous as an oral delivery system for various drugs as problems as poorly drug solubility are solved in this way with no potential toxicity.
Quantum Dots
Semiconductor QDs (quantum dots) are rapidly emerging as popular luminescence probes for many biological and biomedical applications owing to their extremely small sizes (approximately 10 nm in diameter), high photostability, tunable optical properties, and multimodality [28] [29] [30] . Such inorganic-organic composite nanomaterials have shown extreme efficiency in cancer diagnosis in vivo, with their small sizes which facilitate unimpeded systemic circulation and attached targeting molecules, allowing for specific "honing in" at neoplastic sites [31, 32] . Similar to other nanoparticles, QDs can be modified via conjugation of various surface molecules for targeted delivery [33, 34] . QDs also provide sufficient surface area to attach therapeutic agents for simultaneous drug delivery and in vivo imaging [35] as well as for tissue engineering [36] . In vivo cancer targeting and imaging in living animals by QDs was first demonstrated by Gao and colleagues [37] , where both subcutaneous injection of QD-tagged prostate cancer cells and systemic injection of multifunctional QD probes were used to achieve sensitive and multicolor fluorescence imaging of cancer cells. In a recent a study, Bagalkot and colleagues [38] used QD-Apt (aptamer)-Dox (doxorubicin) multifunctional conjugate to carry doxorubicin to the targeted prostate cancer cells. Sensing of doxorubicin by activating the fluorescence of QD enables the nanoconjugate to imagine the cancer cells.
Nevertheless, the applications of QDs are also found in the NIR (near infrared) imaging (700-1000 nm) [39] . The use of NIR-QDs can maximize the depth of tissue penetration, allowing for more accurate and sensitive detection of photons in vivo, which is limited by absorption and light scattering in conventional imaging.
Carbon Nanotubes
Carbon nanotubes are sheets of atoms in the form of tubes of which the size mimics the physical dimensions of nucleic acids. They are considered optimal vehicles for the delivery of genes, peptides and proteins [40] (Fig. 2 ).
Liposomes
Liposomes are self-assembling, spherical, closed colloidal structures which drug molecules are entrapped in a central aqueous space surrounded by a membranous lipid bilayer of phospholipids (Fig. 3) . Liposomes are the most studied formulation of nanoparticle for drug delivery. Liposomal formulations have shown an ability to improve the pharmacokinetics and pharmacodynamics of associated drugs [41] . 
Solid Lipid Nanoparticles
Solid lipid nanoparticles are colloidal carriers consisting of a monolayer of phospholipid coating around a solid hydrophobic core containing the drug in a high melting fat matrix. The drug, being in a solid state, is released slowly from the particle and this delivery system may offer advantageous in terms of biodegradation and tolerance [47] .
Polymeric Nanoparticles
Polymeric nanoparticles typically consist of polylactic acid, polyglycolic acid or acrylates. These colloidal carriers, prepared as nanospheres or nanocapsules, contain the drug in an entrapped or encapsulated form. Their design allows for the highly concentrated drug delivery at a desired location, but the main obstacle for human use is their cytotoxicity for macrophages [48] [49] [50] [51] .
2.3.7 Dendrimers Dendrimers are highly branched macromolecules with a controlled three-dimensional architecture [52] [53] [54] . The branches are structured around a designed central core and, like a tree, expand outward via polymerization reactions, which allow for exact shaping of the nanoparticle. Dendrimers synthesized from three-dimensional PAMAM (polyamindoamine) contain tertiary amines and amide linkages. The branched structure makes it possible to attach other molecules like drugs and contrast agents to the surface. Toxicity is minimized by "hiding" the drug molecules in the interior of the dendrimer. Dendrimers have three components: an initiator core, branches, and terminal functional groups. The initiator core is in the heart of the molecule, and the branches extend outward from it. The G0 (monomers attached to the core), are called G1 (first generation monomers) and G2 (two second generation monomers) are attached to the each first generation monomers. Furthermore, terminal groups can be modified to obtain both a charged, and hydrophilic or lipophilic function for the desired biological and drug delivery application [55] (Fig. 4) . 
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Viruses have the capacity to target cancer cells and deliver drugs in both the cytosol and the cell nucleus. The functionality of several nanocarriers can, at least theoretically, be improved by constructing hybrid virus nanoparticles which could use the targeting virus characteristics to selectively invade the cancer cells, using a similar mechanism as proposed for gene therapy [57] .
Cancer Imaging with Nanoparticles
Optical Imaging with Quantum Dots
Nanocrystals possess unique properties which make them suitable for optical imaging. Optical fluorescent imaging is achieved using these nanocrystals made of cadmium selenide, cadmium sulfide or cadmium telluride, surrounded by an inert polymer coating. These Qdots (quantum dots) are used as fluorescent labels of live cells [27] .
Qdots absorb white light and re-emit the light a few nanoseconds later. The particle can be functionalized "active targeting" by way of molecular recognition systems like monoclonal antibodies attached to the outer coating against a specific target or via receptor interactions with specialized ligands [58] .
MRI (Magnetic Resonance Imaging)
MRI offers a wealth of information on local biology and pathology based on nuclear magnetic resonance signals, received from hydrogen nuclei present in the organism under different (patho) physiological conditions. MRI lends itself exquisitely to creating three dimensional images of the body and can be used to characterize many types of tissues. Tumors can be highlighted with contrast agents (e.g. gadolinium chelates) which help to enhance the image contrast for diagnosis and the assessment of treatment response [59] .
For MRI much attention has been devoted to the development of superparamagnetic nanoparticles for contrast enhancement. These particles consist of an inorganic core of iron oxide (Fe 2+ or Fe 3+ salts), often coated with polyethylene glycol or dextran. These nanoparticles possess large magnetic moments and disturb a homogeneous magnetic field and they are categorized in two groups: SPIOs (superparamagnetic iron oxides) with an average size greater than 50 nm.
USPIOs (ultra small paramagnetic iron oxides) with an average size lower than 50 nm allowing longer circulation and final removal by the lymphatic system.
Commercially available SPIOs as MRI contrast enhancers include Lumirem® and Endorem®, respectively in clinical use for imaging of the gastro intestinal tract and for liver and spleen tissue [60] . A commercially available USPIO is Sinerem® which can be used for blood pool visualization with MRI [61] .
For active targeting a second generation of superparamagnetic nanoparticles (also known as CLIOs (cross-linked iron oxides)) have been generated. They can be conjugated to monoclonal antibodies or receptor-seeking agents. This principle of active targeting is well known in diagnostic and therapeutic nuclear medicine [62] .
Nuclear Medicine Imaging and Therapy
In the field of therapeutic nuclear medicine an interesting development comes from the synthesis of lanthanide nanoparticles in the form of clusters of 153 Sm-atoms, meant for peptide mediated tumor treatment [63] . Liposomes can be used to carry radioactive compounds as radiotracers can be linked to multiple locations in liposomes. Delivery of agents to the RES (reticuloendothelial system) is easily achieved, since most conventional liposomes are trapped by the RES. For the purpose of delivery of agents to target organs other than RES, long-circulating liposomes have been developed by modifying the liposomal surface [64] . In a recent study 64 Cu-radiolabeled folate-conjugated SCKs (shell cross-linked nanoparticles) were evaluated as candidate agents to shuttle radionuclides and drugs into tumors [65] .
Ultrasonography
The growth of nanotechnology has opened the way to improve the quality of ultrasound methods for medical diagnosis. Microbubble contrast agents are miniature gas bubbles, which can remain suspended in the circulation for an extended period. During scanning the energy produced by the ultrasound beam causes rapid contraction and expansion of the bubble leading to contrast enhancement [66] .
Promising Nanoparticles for Cancer Treatment
Gold Nanoparticles
Nanoparticles of gold, which are in the size range 10-100 nm, undergo a plasmon resonance with light. This is a process whereby the electrons of the gold resonate in response to incoming radiation causing them to both absorb and scatter light. This effect can be harnessed to either destroy tissue by local heating or release payload molecules of therapeutic importance. Gold nanoparticles can also be conjugated to biologically active moieties, providing possibilities for targeting to particular tissues [67] [68] [69] .
Many biodiagnostic applications of gold nanoparticles, or electrodes, have been developed since the 1970s [70] [71] [72] ; however, the rational application of gold nanoparticles in therapeutic situations is a largely undeveloped field. The properties of gold nanoparticles that make them particularly suitable for therapeutic applications: resistance to oxidation, antibodies and other biological molecules can be readily attached to the surface of gold nanoparticles, and the plasmon resonances of gold nanoparticles of certain shapes cause them to have photon capture cross-sections that are four to five orders of magnitude greater than those of photothermal dyes [73] . These attributes are exploited to obtain the localized heating, or drug release, underlying the therapeutic applications.
El-Sayed et al. [74] reported that colloidal gold nanoparticles are found in dispersed and aggregated forms within the cell cytoplasm and provide anatomic labeling information, but their uptake is nonspecific for malignant cells. The anti-EGFR (anti-epidermal growth factor receptor) antibody conjugated nanoparticles specifically and homogeneously binds to the surface of the cancer type cells with 600% greater affinity than to the noncancerous cells. This specific and homogeneous binding is found to give a relatively sharper SPR absorption band with a red shifted maximum compared to that observed when added to the noncancerous cells. These results suggest that the SPR (surface plasmon resonance) scattering imaging or SPR absorption spectroscopy generated from the antibody conjugated gold nanoparticles can be useful in molecular biosensor techniques for the diagnosis and investigation of oral epithelial living cancer cells in vivo and in vitro. From therapeutic properties of gold, the plasmon resonance for ordinary gold nanospheres is at about 520 nm (corresponding to green light), in the middle of the visible spectrum, but this can be red-shifted into the NIR (near infrared), with excitation wavelengths of 800-1200 nm required for more complex shapes, such as nanorods. This is useful because body tissue is moderately transparent to NIR light [73, 76] thereby providing an opportunity for therapeutic effects in deep tissues. Hyperthermal therapy local application of heat is a well-known concept in therapeutic medicine that has been explored extensively for the treatment of cancer and other conditions. Energizing sources, such as infrared lamps, ultrasound or lasers, can be used in the process, but there is always the problem of limiting the heat generated to the region of the target tissue [77] . As mentioned earlier, the problem can be solved, in part, by using gold nanoparticles designed to absorb in the NIR spectrum such that the resulting localized heating causes irreversible thermal cellular destruction [78, 79] .
Furthermore gold-on-silica nanoshells were used to target breast carcinoma cells, actively, using the HER2 (Human epidermal growth factor receptor 2) antibody [73] . This initial report was soon complemented by an account where the extravasation phenomenon was exploited to concentrate PEG-sheathed gold-on-silica nanoshells by passive targeting in an in vivo murine model [18] . In the Halas study, NIR irradiation led to a rise in the temperature of the target regions of between 40 to 50 o C, which selectively destroyed the carcinomas. The survival rate of mice treated in this manner was excellent compared with the controls. Drug delivery includes encapsulating the payload inside a gold core-shell particle, impregnating a larger drug-containing nano-or microparticle with suitably designed gold particles or binding the payload to the outer surface of a gold nanoparticle. In all these cases, once the particle is at the target tissue, plasmonic heating leads to the release of the payload. In order to reach to the required accuracy for cancer cells targeting, and to obtain the correct excitation wavelength, laser should be the source of the used light (Fig. 6) . Gold nanoparticles are sufficiently small that, in principle, they might be capable of delivering a payload of therapeutic agent, or heat, directly into the cytoplasm or the nucleus of the target cell [19, 80] . In both cases, the work exploited a polymer-gel impregnated with gold nanoshells to give gold-on-gold-sulphide coreshell particles.
It is apparent that gold nanoparticles have unique chemical and physical properties that facilitate and commend their use in these applications. In particular, their optical properties and flexible surface chemistry permit their use in photo-thermal therapeutic treatments. The efficiency of the process can be enhanced considerably by exploiting various passive targeting strategies to concentrate the nanoparticles in the tissue to be treated. In principle, active targeting of the nanoparticle is also possible, although further work on methods to evade the immune system en route to the target also need to be considered.
Methotrexate Nanoparticles
A magnetic nanoparticle conjugate was developed that can potentially serve both as a contrast enhancement agent in magnetic resonance imaging and as a drug carrier in controlled drug delivery, targeted at cancer diagnostics and therapeutics. The conjugate is made of iron oxide nanoparticles covalently bound with MTX (methotrexate), a chemotherapeutic drug that can target many cancer cells whose surfaces are over-expressed by folate receptors. To conjugate the nanoparticles with methotrexate, they were first surface-modified with (3-aminopropyl) trimethoxysilane to form a self-assembled monolayer. Then amidation was carried out via covalent binding of the carboxylic acid moieties on MTX with the amine groups on the particle surface. Drug release experiments demonstrated that MTX was cleaved from the nanoparticles under low pH conditions mimicking the intracellular conditions in the lysosome. Cellular viability studies in human breast cancer cells (MCF-7) and human cervical cancer cells (HeLa) further demonstrated the effectiveness of such chemical cleavage of MTX inside the target cells through the action of intracellular enzymes. The intracellular trafficking model was supported through nanoparticle uptake studies which demonstrated that the cells expressing the human folate receptors internalized a higher level of nanoparticles than the negative control cells [81] .
Doxorubicin
One of the most potent and widely used anticancer drugs is doxorubicin which works by inhibiting the synthesis of nucleic acids within the cancer cells [82] . Doxorubicin has a number of undesirable side effects such as cardiotoxicity and myelosuppression which lead to a very narrow therapeutic index. Various researchers have studied ways to target doxorubicin delivery to cancer tissues or at least to diminish its side effects. Conjugates of dextran and doxorubicin have been encapsulated in chitosan nanoparticles of approximately 100 nm diameter.
Nanoparticles were prepared of 200-250 nm diameters with in vitro release up to 1 month. Analysis in vivo of injected nanoparticles as compared with daily doxorubicin injections showed that a single injection of doxorubicin-PLGA conjugate nanoparticles could suppress tumor growth for up to 12 days, although not quite as well as daily doxorubicin injections at the levels tested [83] .
5-Fluorouracil
Incorporation of 5-Fluorouracil has also been achieved using dendrimers of poly (amidoamine) modified with mPEG-500. The hydrophilicity of 5-Fluorouracil allowed it to complex with the dendrimers after simply incubating the polymer with the drug. For in vitro studies, PEGylated formulations showed release over 144 h (6 days) while non-PEGylated formulations had completed their release within 1 day. This confirms the formulations ability to control the 5-Fluorouracil release in vivo and the extension of that release by PEGylation of the polymers in the formulation [84] .
Poly[Lactic-Co-(Glycolic Acid)]-Grafted Hyaluronic Acid Copolymer Nanoparticles
PLGA-grafted HA copolymers were synthesized and utilized as target specific micelle carriers for DOX. Firstly, HA was dissolved in an anhydrous DMSO by nano-complexing with dimethoxy-PEG. Then the carboxylic groups of HA were chemically grafted with PLGA to get HA-g-PLGA copolymers. This process was used to graft the hydrophobic PLGA chains onto the hydrophilic HA chain. The resultant HA-g-PLGA self-assembled in aqueous solution to form multi-cored micellar aggregates and DOX was encapsulated during the self-assembly (Fig. 7) . The advantages of DOX-loaded HA-g-PLGA micelle nanoparticles that they exhibited higher cellular absorption and more potent cytotoxicity than the free DOX against HCT-116 cells that over-expressed HA receptor. This indicates that they were absorbed by the cells via HA receptor-mediated endocytosis [85] .
Curcumin Nanoparticles
Curcumin is a natural polyphenolic compound. It has shown promising chemopreventive and chemotherapeutic activities in cancer therapy. Although curcumin appeared to be a safe drug at small doses and high ones, its poor bioavailability and suboptimal pharmacokinetics limited its use as anti-tumor agent in pre-clinical and clinical trials. To improve its applicability in cancer therapy, CUR (Curcumin) is encapsulated in PLGA (poly (lactic-co-glycolide)) (biodegradable polymer) nanoparticles, in the presence of PVA (poly (vinyl alcohol)) and PLL (poly (L-lysine)) stabilizers, using a nano-precipitation technique (Fig. 8) . A curcumin (nano-formulation nano-CUR6) has demonstrated two and six fold increases in the cellular uptake performed in cisplatin resistant A2780CP ovarian and metastatic MDA-MB-231 breast cancer cells, respectively, compared to free curcumin [86, 87] .
Gemcitabine Hydrochloride Nanoparticles
2, 2-difluorodeoxycytidine, GEM (Gemcitabine) is the first-choice drug in the treatment of pancreatic metastatic cancer. Gemcitabine is administered weekly as 30-minute infusion with starting dose ranging from 800 to 1250mg/m 2 [88] . Studies were carried out to develop starch NPs (nanoparticles) for the delivery of gemcitabine hydrochloride that could reduce its dose related side effects and may prolong its retention time (24 h) for the treatment of pancreatic cancer. It has been found that around 70% of drug was entrapped in nanoparticles. Tumor cells, hepatic Kupffer cells, and cells of the mononuclear phagocyte system have higher phagocytic rates for the uptake of nanoparticles than cells of other tissues, thus increasing the distribution of GEM in tumors, liver, and spleen [89] .
Aptamer-Nanomaterial Conjugates
Aptamers are artificial nucleic acid ligands. They are short ssDNA (single-stranded DNA) or RNA oligonucleotides that bind to their targets with high selectivity and sensitivity because of their three-dimensional shape. Target molecules for aptamers can be virtually any class of substrate ranging from whole cells to large molecules, such as proteins, peptides, drugs, organic small molecules and metal ions. Aptamers can be used as selective binding molecules with high affinities in drug development, diagnostic and therapeutical research. Aptamers are used in combination with nanoparticles for biomedical sensing and detection, and as aptamer-nanoparticle conjugates for smart drug delivery. The aptamer-nanoparticle conjugates enable active controlled delivery of drugs that are incorporated in the nanoparticles once they are bound to a disease site because of the aptamer affinity to this site [90] . Farokhzad and co-workers have extensively studied the use of the anti-PSMA (prostate-specific membrane Antigen) A10 RNA aptamer, and its truncated version A10-3, to target nanoparticles [91] . In a pioneering nanoparticle-targeting study, they demonstrated that the A10-3 aptamer can be used to target poly (lactic acid) blockpolyethylene glycol copolymer nanoparticles to PSMA positive prostate cancer cells. The resulting nanomaterial showed a 77-fold increase in binding to PSMA expressing prostate cancer cells in comparison with untargeted nanoparticles. The A10-3 aptamer was again used to target modified PLGA (poly (D, L-lactic-co-glycolic acid)) nanoparticles to deliver docetaxol to prostate tumors in-vivo, where complete tumor regression was found [91] .
Dendrimer Nanoparticles
Multifunctional cancer therapeutic nanodevices have been designed and synthesized using the PAMAM (poly (amidoamine)) dendrimer as a carrier. Partial acetylation of the G5 (generation 5) PAMAM dendrimer was utilized to neutralize a fraction of the primary amino groups, provide enhanced solubility of the dendrimer during the conjugation reaction of FITC (fluorescein isothiocyanate) (in DMSO (dimethyl sulfoxide), and prevent nonspecific targeting interactions (in vitro and in vivo) during delivery. The remaining nonacetylated primary amino groups were utilized for conjugation of the functional molecules FITC (fluorescein isothiocyanate, an imaging agent), FA (folic acid, targets overexpressed folate receptors on specific cancer cells), and MTX (methotrexate, chemotherapeutic drug) (Fig. 9) . Additionally, dendrimer conjugates were characterized by multiple analytical methods including GPC (gel permeation chromatography), NMR (nuclear magnetic resonance spectroscopy), HPLC (high performance liquid chromatography), and UV spectroscopy. The fully characterized nanodevices can be used for the targeted delivery of chemotherapeutic and imaging agents to specific cancer cells [92] .
Dendrimers conjugated with multiple functional molecules are being explored for use in a wide variety of biomedical applications, most prominently in the field of targeted drug delivery and imaging.
Potential Toxicity of Nanoparticles
Currently, most nanoparticles use nontoxic and biodegradable ingredients, thus the toxicities of the carrier molecules per se are expected to be mild. On the other hand, some nanoparticles lead to increased accumulation of drugs in the liver, spleen, and bone 
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marrow, with the possibility of high toxicities to these organs. Many studies documented that the liver is the primary organ responsible for reticuloendothelial capture of nanoparticles, often due to phagocytosis by Kupffer cells [93, 94] . Hepatic uptake has been shown to be a main mechanism of hepatic clearance from the blood circulation following the intravenous injection of nanoparticles. In addition to hepatic accumulation, some nanoparticles have been reported to cause liver injury (decreased function and hepatic morphology changes) [95, 96] . For example, intravenous administration of cationic PAMAM dendrimers caused liver injury when administered intravenously to mice [94] . Hepatotoxicity has also been observed in mice treated orally with nano-zinc particles [97] . Also there are safety concerns with particular nanoparticles that are able to cross the blood brain barrier.
Attempts are being made to decrease the uptake of nanoparticles by MPS cells and to increase their accumulation in the active site through polymer or nanoparticle surface modifications, and/or incorporating targeting ligands [98] [99] [100] . With more rational design, many nanoparticles have shown an improved safety profile and enhanced antitumor efficacy compared with free drugs in preclinical and clinical studies [101] [102] [103] [104] . For example, Doxil (PEG liposome loaded with doxorubicin) showed a reduction in cardiotoxicity over that of doxorubicin in a clinical study [105, 106] . Abraxane (albumin nanoparticle loaded with paclitaxel) showed a greater therapeutic outcome compared with free paclitaxel and taking advantage of the water solubility of the nanoparticle, successfully eliminated the side effects associated with the toxic vehicle Cremophor EL [46] .
Implications and Future Directions
Nanoparticles provide a bright future of new generation of cancer therapeutics. Furthermore, the development of multifunctional nanoparticles may eventually render nanoparticles able to detect and kill cancer cells simultaneously. Thus, further understanding and studying in nanotechnology will certainly lead to the more rational design of optimized nanoparticles with improved selectivity, efficacy, and safety.
Conclusion
Cancer disease is still an extremely complex disease. In the last decade, there are many new approved drugs and hundreds of agents are still under clinical trials aiming to get rid of this malignant disease. The nanoparticle drug delivery systems is more advantageous than the other clinical approaches for cancer therapy since the ability to specifically target nanoparticles along with the controlled delivery of a therapeutic payload provides powerful new ways to treat cancer disease. Also, the development of multifunctional nanoparticles that are able to carry imaging agents and deliver multiple drugs enhanced the detection and treatment of cancer. The application of nanotechnology to cancer has already produced some exciting results and holds even greater promise for cancer patients in the future.
